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flii Control:  
Balancing Migration and Adhesion
Kristina Kligys1 and Jonathan C.R. Jones1
Wound healing in the skin requires a compromise between adhesion and 
migration. Both processes include modulation of the cytoskeleton, cell-surface 
receptors, and receptor ligands., In this issue, Kopecki et al. demonstrate that 
overexpression of flii, an actin-remodeling protein, impedes wound healing 
but inhibits hemidesmosome formation. In contrast, flii deficiency results in 
enhanced wound healing while promoting hemidesmosome assembly. We 
discuss potential mechanisms that could explain how this unique gelsolin family 
member might regulate both stable keratinocyte adhesion and motility.
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Ten years ago, it was widely accepted 
that the laminin-332 receptor α6β4 
integrin mediated formation of stable 
anchoring complexes, or hemides-
mosomes, in skin. Its loss was demon-
strated to be the molecular mechanism 
underlying skin blistering in junctional 
epidermolysis bullosa, validating its 
role in mediating stable cell adhesion 
(Jones et al., 1998). Furthermore, α6β4 
integrin was not thought to have an 
important role in the migration of cells, 
given that hemidesmosomes disas-
semble during wound healing. Rather, 
α6β4 integrin was believed to play a 
role once epithelialization of a wound 
was complete by mediating the stable 
adhesion of cells to dermal structures in 
the wound bed (Jones et al., 1998). In 
addition, antibody inhibitor studies sug-
gested that another laminin-332 recep-
tor, α3β1 integrin, mediated migration 
of epidermal cells on laminin matrix 
and thus was an important regulator of 
epithelialization of wounds (Jones et 
al., 1998; Nguyen et al., 2000). Recent 
data have challenged these concepts, 
however. There is now evidence that 
α3β1 integrin retards epidermal motil-
ity, and results from our own labora-
tory have implicated α6β4 integrin in 
the modulation of signals that regulate 
keratinocyte migration (Margadant 
et al., 2009; Sehgal et al., 2006). It is 
becoming increasingly clear that the 
function of integrins depends on tis-
sue and cell context and that integrins 
cannot be pigeonholed as either adhe-
sive or motility receptors. Likewise, 
data presented by Kopecki et al. (2009, 
this issue) demonstrate that the protein 
Flii, a member of the gelsolin family of 
actin-remodeling proteins, appears to 
have paradoxical roles in intact skin 
versus healing wounds.
Flii, also a member of the gelsolin 
family of actin-severing proteins, was 
previously described as a negative 
regulator of wound healing, such that 
overexpression impedes keratino-
cyte migration and delays the closure 
of wounds (Kopecki and Cowin, 
2008). Kopecki et al. (2009) now 
demonstrate that Flii not only regu-
lates wound healing but also affects 
hemidesmosome assembly. Specifically, 
Flii overexpression inhibits hemides-
mosome formation. This result is quite 
surprising and seems, at first glance, 
to be counterintuitive. One might 
have expected that under conditions 
in which wound healing is inhibited, 
hemidesmosome assembly would be 
favored, and vice versa. Yet Kopecki 
et al. demonstrate that, whereas epi-
dermal basal cells of mice deficient in 
Flii assemble more hemidesmosomes 
than their wild-type counterparts, their 
wounds heal significantly faster than 
those of wild-type mice. Conversely, the 
basal epidermal cells in the intact skin 
of mice in which Flii is overexpressed 
contain fewer hemidesmosomes com-
pared to those found in wild-type skin, 
but the wounds in these mice heal sig-
nificantly more slowly than those of 
control animals (Kopecki et al., 2009).
Several mechanisms could explain 
how overexpression of Flii protein 
inhibits hemidesmosome assembly 
but also impedes wound healing. 
Flii expression may regulate integrin 
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ligand deposition, integrin heterotrimer 
expression, expression of proteins that 
regulate the activity of integrins, or 
all of the above. In fact, Kopecki et al. 
(2009) provide data that support all of 
these possibilities. They demonstrate 
that laminin protein expression is reg-
ulated in response to Flii expression 
levels, such that Flii-deficient mouse 
skin displays increased laminin depo-
sition, whereas the opposite is true 
in skin in which Flii is overexpressed. 
The authors do not state the exact iso-
form of laminin analyzed. However, 
increased laminin deposition may enhance 
hemi desmosome assembly because the 
laminin-332 heterotrimer is an integral 
protein component of the hemidesmo-
some. Moreover, laminin-332 provides 
a surface over which cells can migrate, 
potentially promoting faster wound 
healing. Alternatively, a loss in laminin 
expression is likely to inhibit both hemi-
desmosome formation and wound epi-
thelialization. In addition, changes in 
the expression and/or balance of integ-
rins in keratinocytes would be expected 
to contribute to changes in adhesion 
and migration of skin cells. Kopecki et 
al. provide some data to support this 
possibility by demonstrating changes in 
integrin expression using a quantifica-
tion of wounded transgenic skin tissue 
stained with integrin antibodies. Finally, 
the authors quantified expression of the 
tetraspanin molecule CD151 in their 
transgenic mice during wound healing. 
CD151 interacts with laminin-binding 
integrins, including α3β1 and α6β4 
integrins, and its loss results in impaired 
wound healing due to modulation in 
integrin-mediated signal transduction 
(Sterk et al., 2000; Wright et al., 2004). 
Intriguingly, CD151 expression is ele-
vated in Flii-deficient wounds. This 
increase may enhance wound healing 
by upregulating the activity of integrins 
and might enhance hemidesmosome 
assembly in intact skin, although it 
should also be noted that CD151-null 
mice assemble hemidesmosomes that 
are normal in appearance and number.
Flii contains six gelsolin-related 
domains toward its carboxy terminal 
tail and a protein–protein interacting 
domain, called the leucine-rich repeat 
domain (LRR), at its amino terminus 
(Kopecki and Cowin, 2008). Interactions 
of Flii with other proteins through the 
LRR domain appear to be important for 
Flii function because wounds treated 
with neutralizing antibodies generated 
against the LRR of Flii heal faster than 
those of untreated controls (Cowin et 
al., 2007). To assess potential Flii bind-
ing partners in skin cells, Kopecki et al. 
(2009) performed a series of coimmuno-
precipitation studies. Although Flii does 
not appear to complex with either β1- or 
β4-containing integrin heterodimers, Flii 
robustly binds talin. Talin is a cytoskel-
eton linker protein that interacts with 
the cytoplasmic tails of all β-integrin 
subunits, with the exception of the β4 
subunit (Harburger and Calderwood, 
2009).  Integrin–talin interaction induces 
an activation of receptor functions. 
Thus, Flii may regulate the pool of talin 
available for binding to and activating 
integrins. In such a model, overexpres-
sion of Flii would result in sequestration 
of talin, leading to decreased integrin 
activation and impaired wound healing. 
Conversely, loss of Flii would increase 
the pool of talin available to activate 
integrins, a possible explanation for the 
enhanced wound healing observed in 
Flii-deficient skin, because all but β4 
subunit-containing integrins would be 
“hyper”-activated under such conditions. 
Of course, the mechanism we are pro-
posing does not explain the enhanced 
numbers of hemidesmosomes observed 
in Flii-depleted skin, because talin does 
not regulate the activity of α6β4 integ-
rin. However, one could envisage that 
an increase in CD151 expression, as a 
consequence of Flii deficiency, leads to 
enhanced nucleation or stabilization of 
hemidesmosomes in intact skin, inde-
pendent of integrin activation induced 
by talin during wound healing.
Finally, it is important to remember 
that Flii is a gelsolin family member. 
Whereas Flii overexpression retards 
motility and its deficiency enhances 
wound healing, gelsolin is known to 
regulate actin stress fiber functions, 
and its deficiency results in defec-
tive chemotaxis (Arora et al., 1999). In 
fact, it is unclear at this point whether 
the actin-severing property of Flii 
plays an important role in its ability 
to regulate wound healing in the skin. 
During wound healing, the interac-
tion of Flii with talin and its ability to 
regulate integrin-mediated adhesion 
may predominate. In this regard, it 
is interesting to note that lack of Flii 
expression induces embryonic lethal-
ity in mice (Kopecki and Cowin, 2008) 
and that the actin-severing activity of 
Flii may therefore be more important 
to processes necessary for proper 
development.
In summary, Kopecki et al. (2009) 
have uncovered unforeseen func-
tions for Flii in both hemidesmosome 
assembly and wound healing. Further 
work is needed to define precisely how 
Flii functions at the molecular level. 
However, as the authors point out, Flii 
is an intriguing new target for skin biol-
ogists who focus on developing new 
stratagems to enhance wound healing.
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Hyaluronan Accumulation  
in Wounded epidermis:  
A Mediator of Keratinocyte Activation
Raija H. Tammi1 and Markku I. Tammi1
The high-molecular-mass polysaccharide hyaluronan is abundant in the extracel-
lular space between adjacent keratinocytes throughout the vital part of epidermis. 
It has a rapid turnover, and its content is subject to large fluctuations due to physio-
logical and environmental conditions, with the strongest effects mediated by eGfR 
signaling. Using an elegant organotypic culture system, Monslow et al. (2009, this 
issue) demonstrate that heparin-binding (HB)-eGf released from its membrane 
anchor is the major ligand of eGfR in injured epidermis, accounting for the auto-
crine and paracrine activation of hyaluronan synthesis by the keratinocytes in the 
neighborhood, thus facilitating the epidermal wound-healing response.
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organ cultures and organotypic cultures 
in epidermal research
Isolated keratinocytes in monolayer cul-
tures lack many of the regulatory pro-
cesses operating in the epidermis, where 
stratified keratinocytes exist at different 
stages of differentiation. One example 
is heparin-binding (HB)-EGF, which is 
expressed and secreted by differentiat-
ing keratinocytes but targets proliferating 
cells. Another example is hyaluronan, 
which in vivo is restricted to the narrow 
spaces between keratinocytes and is pre-
vented from diffusing beyond the basal 
lamina and the water barrier in stratum 
corneum, but it is free to escape into a 
vast volume of medium in monolayer 
cultures. To mimic conditions that keep 
hyaluronan in its normal domain and 
concentration, and to provide HB-EGF 
diffusion routes and spaces similar to 
those in vivo, Monslow et al. (2009, this 
issue) used a culture system based on a 
unique epidermal cell line (REK) that can 
form an “epidermis” structurally and func-
tionally resembling its “real” counterpart 
(Tammi et al., 2000). REK-organotypic 
cultures do not need dermal fibroblasts 
to differentiate fully, thus avoiding the 
complex interplay between the different 
cell types in other organotypic or explant 
skin organ culture models. The paper by 
Monslow et al. demonstrates the useful-
ness of these REK-organotypic cultures in 
wound-healing research.
Hyaluronan is involved  
in tissue remodeling
Haluronan (or hyaluronic acid or 
hyaluronate) is abundant in embryonic 
tissues, reaching peak concentrations 
in each organ before maturation, when 
cells proliferate and migrate to their 
final positions (Toole, 2004). The same 
pattern of transient hyaluronan accu-
mulation is seen whenever adult tissues 
undergo rapid remodeling, whether as 
a result of injury, inflammation, or can-
cer. Hyaluronan is deposited around 
inflamed joints in rheumatoid arthritis, 
causing morning stiffness, and it pro-
motes tumor growth and invasion when 
it accumulates on malignant cells or in 
the surrounding matrix. In each case, it 
forms a pliable, temporary matrix that 
enables cell proliferation or movement, 
and it amplifies growth factor signals 
important in the remodeling process. 
Transient accumulation of hyaluronan 
in granulation tissue, a model of dermal 
wound response, has been known for 
decades, and the prenatal abundance 
of hyaluronan has been suggested to 
play a role in scarless wound healing 
of fetal skin (Mack et al., 2003). Recent 
work shows that activation of hyaluro-
nan synthesis also occurs in wounded 
adult epidermis (Maytin et al., 2004; 
Tammi et al., 2005).
Hyaluronan in the epidermis
Hyaluronan fills the narrow spaces 
between human epidermal basal and 
spinous cells (Tammi et al., 1988). Its 
concentration in this space has been 
calculated to be as high as 2.5 mg/ml, 
comparable to its concentration in syn-
ovial fluid. Following trauma in vivo, the 
concentration of epidermal hyaluronan 
rapidly increases up to sevenfold (Tammi 
et al., 2005). This response requires only 
compromised epidermal barrier func-
tion, without direct impact on the der-
mis (Maytin et al., 2004; Tammi et al., 
2005). The hyaluronan response is not 
restricted to the area immediately adja-
cent to the wound, but spreads consid-
erably from wound margins, indicating 
the release of factors capable of activat-
ing hyaluronan synthesis (Figure 1 and 
Tammi et al., 2005).
In the basal state, the half-life of 
hyaluronan is only about one day in 
human skin organ cultures (Tammi et 
al., 1991) and even shorter in the orga-
notypic epidermis of rat keratinocytes 
(REK; Tammi et al., 2000). The bio-
logical relevance of this short turnover 
